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INTRODUCTION
Utilization of resources available in situ is a critical enabling technology for manned space exploration. The ultimate success of a permanent lunar base will depend upon the use of available resources.
The purpose of this paper is to discuss in situ resources and processing options from the perspective of available power and propulsion technologies and potential contributions to be made by the relevant programs at the NASA Lewis Research Center.
The topics of lunar resources I and processing of lunar resources _-22 have been explored often in the recent scientific and technical literature.
There is no atmosphere or water on the moon; two important products obtainable from available lunar resources are oxygen and metals. Oxygen can be used for both life support and as an oxidizer for rocket engines; metals can be used as power materials, as structural materials, and as fuels for rocket engines. Lunar samples returned from the Apollo and Luna missions indicate that approximately 45 percent by weight of the lunar surface material is oxygen)
Much of this oxygen is in the form of silicates and other mixedmetal oxides.
Oxygen is the clear choice as an in situ oxidizer because of its prevalence on the moon and the accumulated experience in rocket engine combustion. The choice for a fuel, however, is less apparent. The most common elements used in rocket fuels, hydrogen and carbon, are not available in appreciable amounts. Because of this, interest has turned to lunar metals as a potential source of fuel.
There are many benefits to be realized by using
indigenous materials for propellants. The most significant is the reduction in initial mass in low-Earth orbit (LEO).
When launch costs to orbit are counted in thousands of dollars per pound of payload, a reduction in the mass required from Earth can be translated to a significant cost savings For lunar missions, a large portion of the initial mass in LEO is the propellant to take the vehicle to the moon and the propellant to return from the moon. If the propellant to return can be manufactured at the moon; not only does this mass no longer need to be raised to LEO, but the propellant to transport it to the moon is also saved. 2
Most propulsion systems used today operate at oxidizer to fuel ratios greater than one; producing only oxygen at the moon will show significant reduction in initial mass in LEO.
Mission analyses have predicted a 40 to 60 percent reduction if oxygen is produced at the moon to operate with Earth-supplied hydrogen for all near-lunar and Earth return propulsive maneuvers.
2 Because almost all oxygen on the moon is in the form of metal oxides, 1 the production of oxygen will necessarily produce metals as a co-product.
If these metals are used as fuel, then further reductions in initial mass in LEO can be obtained.
While this additional reduction in initial mass in LEO may not be as significant as that obtained from in situ-produced oxygen, other benefits can be achieved when both propellants are obtained on the lunar surface.
One of these benefits is a reduction in mission complexity because vehicle refueling can be performed in the 1/6th gravity environment of the lunar surface instead of the microgravity environment in lunar orbit. Another benefit is the establishment of true self-sufficiency of a lunar base. In situ lunar resources can be subcategorized as four different classes of material: t (1) mare basaltic volcanic rocks (composed of lavaand volcanicash);(2)pristine highlandrocks (original lunarcomposition unaffected by impact mixing), (3)complex brecciasand impact melts (with mixed original lunar and meteoric composition); and (4)lunarregolith composed of unconsolidated debris. The following discusses composition of/n situ resources with a focus on propellant production. The relatively large amounts of oxides in mare basalts provides a potential source of both iron and titanium.
LUNAR RESOURCES
Highland pristine rocks are of mainly three types: Ferroan anorthosites are mostly plagioclase feldspar with small amounts of pyroxene and olivine. These rocks are quite rich in Ca and Al as expected from the chemical formula of both feldspars. Four other pristine rocks, Gabbros, Norites, Troctolites, and Dunites, are described as Mg-rich rocks and contain more pyroxene and olivine. Dunite, for example, is almost pure olivine, accounting for its high concentration of MgO. Troctolites are also composed of relatively higher concentrations of olivine accounting for 20 percent MgO. Finally, KREEP (see foomote in table 3 below) rocks are basaltic lavas with relatively high concenu'ations (by lunar standards) of potassium and rare earth oxides and phosphorus.
Breceias and impact melts form a class of materials that range in appearance from homogeneous to composite-like. This is due to the various impact, melting and cooling processes that result in their formation. The breccias in general consist of clast (fragments) and the matrix that contains them) The majority of the material in various breccias are similar to the pristine rocks, hence the similarities in composition.
One potential use for breccias may be as a source of rare platinum-group metals derived from meteoric materials.
The lunar regolith, having been disintegrated by mechanical weathering, may be an important source of leO and AI20 3 that requires a minimum of mechanical processing. Finally, lunar regolith (as well as some lunar rocks 1) is a source of metal powder and alloys (see table  2 ). Though a minor component, reduced metals may prove to be an important, easy-to-obtain iron source.
Representative oxide compositions for typical rock and soil samples collected on the moon are listed in table 3. Examples listed are representative of material returned from the Apollo and Luna missions.
Finally, it must be noted that the geological exploration of the moon to date has sampled only an insignificant fraction of the surface at an extremely superficial level. Further exploration will almost certainly reveal mineral types, elements, and concentrations as yet unsuspected.
PROCESSING TECHNOLOGY
Taking advantage of the abundance of metal oxides on the lunar surface as potential sources of in situ propellant compounds requires that areas where these raw materials are readily available be identified. The raw material must then be mined and subjected to a beneficiation process to separate the desired feedstock to supply the particular process scheme to manufacture the propellant elements.
Potential propellant elements include 02, AI, Fe, Si, and Ti. Many processes have been proposed for the production of oxygen and metals from the lunar resources. 3-1z Most of these have terrestrial counterparts; some have evolved to take advantage of unique characteristics of the lunar environment. "-From text reference 1. The five most prevalent oxides generally account for > 97% by weight; the remaining oxides are manganese, sodium, potassium, chromium, rare earth oxides and other, generally at less than one-half percent abundance. "" -Weight fractions listed are composites of several samples from one site or from one mission. "'" -Example of a rock-type referred to as magnesium rich. """ -High concentration potassium (K), rare earth oxide (ree), and phosphorus (P) rock, accounts for approximately 3 to 4 percent, by weight.
Mining techniques on the moon will be necessarily different from their terrestrial counterparts. The major difference is that on the earth conventional mining depends on the abundant water supply for cooling and lubrication, movement and separation of materials, and solution and precipitation of metals. Another difference in lunar mining is the fact that throughout lunar geological history it has been subjected to many meteor impacts. This has led to a homogenization of the soils, making the regolith a mixture of many rock and mineral types.l. 3 Because of this difference, the mining philosophy on the moon should involve mining the rocks for their common elements.
On earth most ores are recovered below the surface, while on the moon it is worthwhile to consider surface mining. This method would lake advantage of the fact that, due to numerous meteor impacts, surface material is mostly pulverized, helping to reduce mechanical processing of rocks before beneficiation. Other advantages of surface mining the moon are: totally visible operations, lower gravity (implying easier material transport), and lack of weather or a corrosive atmosphere.
One disadvantage is that the moon experiences a 14-day sunlit period followed by 14 days of darkness. This could be a problem if considering solarderived power for the operation. Additionally, extreme temperature contrasts also accompany this day-night cycle, leading to problems with lubrication, friction, and equipment failure?
Once raw materials have been mined, feedstocks for various processing techniques need to be separated from the mined material. This process is called beneficiation and performs the function of concentrating the desired metal oxides. There are two major beneficiation techniques, magnetic and electrostatic, s Magnetic beneficiation is accomplished by feeding the raw material through the field of one or more magnets. This will cause separation of magnetic minerals from non-magnetic materials.
The use of magnets with different field strengths further separates the magnetic minerals. Electrostatic separation is more complex, but has the advantage of being able to separate non-magnetic minerals. This process is used to separate materials with respect to their conductive properties: conducting, semiconducting, or insulating. Most minerals will show some difference in conductive properties.
There is presently a variety of processing schemes available for potential use on the lunar surface whose products can be used as propellants. Table 4 lists several of the more studied processes. 312 Although lunar processing methods will model terrestrial modes of operation, there are several concerns that must be considered when processing operations are conducted on the moon. 6 First, there is no air or water, thus depriving the plant of heat sinks provided by these fluids. Traditional energy sources are absent (i.e. coal, oil, or gas).
Basic processing chemicals are absent (i.e. ammonia, salt, chlorine, soda ash, carbon dioxide etc.). Finally, since initially there will be no local human operators, the plant will have to be autonomous.
One conclusion that may be drawn from table 4 is that titanium production from lunar materials is quite difficult, requiring large amounts of energy. This is consistent with the stability of the six titanium-oxygen bond in metal titanates. 7 Production of iron, aluminum, or silicon can be optimized by proper choice of processing method and is dependent upon the feedstock; silicon, found in tetrahedral coordination, is easiest to reduce. When anorthite is the feedstock, silicon and aluminum in the same coordination environment are obtained similarly fromthis aluminosilicate. Insilicates and mixed systems suchasregolith, however, silicon ismuch easier toreduce dmn aluminum or iron as the latter two metals are mostly found in six-fold coordination sites: Iron is more easily obtained from reduction of ilmenite 13.14 while aluminosilicates are better sources of aluminum as mentioned above. 1637.2°T he four example metals were chosen because they are relatively abundant on the moon, can be obtained by a known terrestrial process, and are candidates for lunarderived propellants.
The particular method(s) and metal(s) chosen will be a function of the feasibility of the process on the moon (processing materials and power requirements), potential utility of the metal as a propellant (and other applications), and mass trade-offs for the plant requirements and terrestrial-derived substitutes.
Processing methods in table 4 are listed in order of technology readiness. 7 Methods that are most developed have terrestrial counterparts.
These methods are compatible with the use of solar thermal heating, discussed below, and solar-or nuclear-generated electricity. Unfortunately, these methods often involve use of terresu-ial-derived materials such as l-IF, Na, Li, C, F2, or CI 2. Methods that are compatible with space processing involve very high temperatures and relatively large amounts of power. For such methods, nuclear power is most likely to be the source of the needed processing power. New power technologies may enable the use of relatively high-power options that take advantage of the unique lunar processing environment.
POWER TECHNOLOGY
For any manned mission, a significant priority for a power system will be reliability and absence of dangerous failure modes. Due to the high price of transporting materials to the moon, an additional priority for a surface power system will be low weight. For lunar resource processing, two types of power are needed: thermal energy and electric energy. Depending on the processing technology chosen, the relative amount of thermal and electrical process power required can vary considerably. It is much more efficient to use a primary thermal energy source than to produce thermal power from electricity.
There are two main power sources to be considered for the moon: solar and nuclear. A third alternative, the use of lasers to beam power to photovoltaic arrays from remote locations either in orbit or on the Earth,zL2s will not be discussed here. The 354-hour lunar night requires that any solar power system either shut down during the night, or include a large storage system for continuous power. 27 In general, the power levels for resource utilization are so high that energy storage for night operation is not likely to be practical. . Some thermal power estimates may not include the power needed to reach processing temperature, such as selective ionization. "'" -Products produced by the listed method include the major metal -containing species and oxygen.
Many of the proposed processing technologies assume that processing will be done as a continuous flow system. '_n However, in view of the fact that the majority of material processing done on Earth is done in batch processes, and that lunar processing is most likely to use Earth-derived technology, it is reasonable to assume that batch processing is the more likely mode of operation, at least for initial operations.
For example, if solar power is used, the necessity to shut down processing for the 14-day lunar night, would require no additional process changes.
Thermal power can be produced either from a solar furnace, by the direct use of nuclear heat, or from electrical power. Solar concentrator mirrors designed for solar thermal power on Earth have demonstrated the ability to produce the high temperatures needed for most of the thermally-demanding processes proposed for the moon.
A solar concentrator for use in space has been designed for the solar dynamic power system, proposed for space station Freedom.
This system is designed to operate at about 750°C. l°.tl For these systems, the heated region is at the focus of the mirror, and moves as the mirror tracks the sun. Since lunar resource processing equipment is likely to be heavy, a system designed for the moon would not have the concentrating mirror track the sun. A separate tracking mirror (or "heliostat') would be used to reflect the sun to stationary concenWator mirrors.
If a reactor is used for primary electrical power, one option would be to use the same reactor to directly produce thermal power for resource processing.
To date, little discussion has been made of this possibility. The SP-IO0 nuclear reactor has a working-fluid operating temperature of about 100(PC. _ (Higher temperatures can be produced internally, depending on the materials used; for example, nuclear thermal rockets operate at temperatures of several thousand degrees.) Radioactivity associated with the reactor means that the reactor site is likely to be located several kilometers from any locations associated with manned activity. This would therefore require that either the processing be entirely autonomous, or that hot working fluid be piped over relatively long distances to a site compatible with man-tended operation.
Use of electrical power to produce heat is inefficient. However, an advantage of electrical heaters is that a base will require an electrical power system in any case, and it may be easier to scale up an existing power system to high powers than to design a new system. Electrical power may be produced either by a nuclear reactor or by solar panels. A nuclear power system for use on the moon based on the SP-100 reactor would deliver 100 kW of electrical power from a 2.5 MW thermal reactor for a baseline system. 29 Replacing the low-efficiency thermoelectric converters by high efficiency Stirling engines would result in a power level of-825 kW from the baseline reactor.
The mass of this reactor system would be about 20000 kg. Higher power levels could be obtained either by increasing the number of reactors, or designing a higher power reactor.
An alternative
source of electrical power is solar panels; several technology efforts are underway to improve solar panel technology.
Photovoltaics provide low-cost power with high reliability and no moving parts. It has powered the space program since Vanguard, and there is every reason to believe it will play a major role in any long-term manned presence on the moon. Some of the design considerations involved in choosing pbotovoltaic power systems for a lunar base axe discussed in recent references. _e._l For an advanced system, it may be possible to use solar cells manufactured on the moon) 2
There are three approaches to photovoltalc power. The conventional approach is the use of deployable highefficiency flat plate arrays. Existing solar arrays used in space use either crystalline silicon (Si) or gallium arsenide (GaAs) solar cells.
Silicon is the most well developed solar cell technology, and has been used on all but a tiny fraction of space solar arrays. The conversion efficiency of standard-technology silicon cells currently flown is about 14% under standard space conditions ("Air Mass Zero," or "AMO").
Up to 20% conversion efficiency has been demonstrated in the laboratory, but such cells are not yet space qualified and not currently available on the market. Note that for calculating operational power, all efficiency numbers must be adjusted for the array packing efficiency and corrected for intensity and temperature effects.
An advantage of silicon cells is that large area cells are available (8 by 8 cm cells will be used for Freedom). The array technology is well developed and well characterized, both in the laboratory and from inspace use, for vibration, thermal-cycling, and other environmental loads of the space environment.
Gallium arsenide cells have higher efficiency than Si cells.
Cells currently available on the market have an average conversion efficiency of 18.5%. Efficiency of 21.5% has been achieved in the laboratory. Gallium arsenide cells are smaller and more brittle than silicon cells, but the technology is being rapidly developed. Gallium arsenide cells are currently heavier than silicon cells, however, several technologies under development will make GaAs cells much lighter in weight.
The most well-developed of these technologies is cleaved lateral epitaxy for film transfer (CLEFT), where an extremely thin (5 micron) large-area cell can be separated from a single-crystal substrate.
An alternative approach to photovoltaic arrays for use in space is the use of extremely thin layers of photovolmic material deposited onto a flexible substrate. This approach has lower conversion efficiencies, but has the potential for higher specific power, at least at the blanket level. This has not yet been demonstrated in space. This approach uses thin-film solar cell technology which has been developed for low-cost terrestrial solar arrays. Efficiencies around ten percent have been achieved with three thin-film materials: amorphous silicon (a-Si), copper indium diselenide (CulnSe2), and cadmium telluride (CdTe). However, very little current research is aimed at depositing thin-film cells on lightweight substrates, since most of the applications being considered are terrestrial, where weight is not as critical. To enable their use on the moon, technology for deposition on extremely lightweight subswates will need to be developed.
A final photovol_c
approach is to use a concentrator system to focus light onto small, extremely high efficiency solar cells. This approach has been tested in space only in small-scale experiments.
In the laboratory, conversion efficiencies of over 30% have been demonstrated using such concentrator systems and highefficiency tandem solar cells.
Of importance to power system analysis is the specific power (.power output per unit mass). Note that it is possible to measure specific power at the cell level, at the blanket level, at the array level, or at the power system level.
Specific power at the cell level does not include array structure and is many times higher than array level specific power.
At the blanket level, specific power includes the cover-glass, interconnections, and the backing material, but not the array structure. This may be appropriate, however, ff a flexible or semi-flexible array is to be simply unrolled horizontally onto the lunar surface without support structure. Specific power at the photovoltaic array level (including array structure) for the best arrays developed to date are shown in table 5. For currently designed space power systems, e.g., for the space station Freedom solar array, the photovoltaic blanket weight is only about a quarter of the total power generation system mass (excluding batteries used for electrical storage).
The array plus structure accounts for half of the power system mass. The power management and distribution (PMAD) system accounts for the remaining half of the power system mass. This provides a powerful incentive to develop new and more efficient PMAD systems and to design new array structures to take advantage of ultra-light blankets.
PROPULSION TECHNOLOGY
The final selection of production methods will depend greatly on the determination of which are the most useful products.
The theoretical performance of several metals burned with oxygen was determined using a one dimensional chemical equilibrium computer code. 33 This code predicts specific impulse assuming the maximum energy release possible in the combustion chamber less chamber dissociation losses. Figure  1 shows this predicted performance for aluminum, titanium, silicon, and iron as a function of mixture ratio, chamber pressure and expansion area ratio. Figure la shows the effect on specific impulse for aluminum/oxygen at a chamber pressure of 3000 IrSia as area ratio increases from 10 to 500 and as mixture ratio increases from 0.3 to 4.0. The results for a chamber pressure of 200 psia are shown only for an area ratio of 10 as a representation of the small effect that chamber pressure has on ideal specific impulse.
The maximum predicted impulse of aluminum/oxygen is approximately 315 seconds at a chamber pressure of 3000 psia and an area ratio of 500.
Figure lb
shows similar curves for the titanium/oxygen combination.
The discontinuity in the curves is caused by a change in the predominant oxide formed in the combustion chamber. For titanium/oxygen, the maximum predicted impulse is approximately 285 seconds at a chamber pressure of 3000 psia and area ratio of 500. Figure  lc shows the same curves for the silicon/oxygen combination. While the maximum specific impulse is nearly as high as that predicted for the aluminum/oxygen, the curve shown for a chamber pressure of 200 psia and an area ratio of 10 indicates increased sensitivity to chamber pressure.
For this propellant combination, there is a difference of more than 10 seconds in predicted specific impulse at a chamber pressure of 200 and 3000 psia. This is an indication that the silicon dioxide products have high rates of dissociation at lower pressures. The high dissociation rates could become a significant problem when finite-rate kinetics are considered in the calculations. Figure ld shows the same curves for the iron/oxygen propellant combination.
The maximum impulse predicted for the iron is only 210 seconds at a chamber pressure of 3000 psia and area ratio of 500.
While lower engine performance can be tolerated from an in situ propellant combination because of the benefits of obtaining the propellant at the destination, mission analyses have shown that 210 seconds is too low for iron fuel to be seriously considered as an alternative.
While
one-dimensional equilibrium predictions provide adequate comparisons when evaluating potential propellants, a more rigorous theoretical analysis would need to be performed to accurately predict the specific impulse that an actual engine would deliver. Factors that may degrade performance from the ideal values discussed above include incomplete energy release in the chamber due to incomplete mixing of fuel and oxidizer or incomplete burning of the metal particles, finite-rate chemical reactions, growth of a viscous boundary layer in the chamber and nozzle, and thermal or velocity nonequilibrium between the solid and gaseous combustion products.
Some losses, such as finite-rate kinetics, cannot A program is underway to establish the technology base needed for the development of engines that utilize indigenous resources at the moon. The metal and oxygen propellants can be used as either a monopropellant, with powdered metal suspended in the liquid oxygen, or as a bipropellant, with a conventional liquid oxygen feed system and a pneumatic feed system for the powdered fuel. A monopropellant could be potentially hazardous; a hazards assessment and propellant formulation must be completed before any combustion experimentation can begin. Meanwhile, single particle ignition studies offer insights into the ignition mechanism of the metal particles.
The objective of the hazards assessment activity is to assign an explosive classification to the monopropellant so that the associated safe handling procedures can be used. A preliminary goal of the hazards assessment is to test small, laboratory-scale quantities for explosive hazards such that formulation research can begin with assurances of safety. To accomplish this preliminary goal, two phases of the hazards assessment program have been completed.
TI_e In'st phase consisted of mixing tests, where small amounts of the metal powders and liquid oxygen were combined and then stirred at low speeds (approximately 600 rpm) while being monitored for any signs of chemical reaction.
A total of 63 tests were performed with aluminum, titanium, silicon, and iron powders, with and without a gellant; no chemical reactions were observed. 34
The second phase consisted of mechanical impact tests, where a weight was dropped into a small sample of the monopropellant from various heights to determine the necessary energy to cause a reaction. The results were reported in terms of a 50 percent height, which is the weight height at which a reaction occurred 50 percent of the time. PETN, which is a solid Class A explosive known to be impact sensitive, was used as a reference material in the test apparatus. The 50 percent height of the PETN was 51.0 cm (impact energy of 45.4 joules). The 50 percent height of the titanium was less than 15.2 cm (13.6 joules), which was the lowest height available in the test apparatus.
The 50 percent height of an 80% A1/20% Mg alloy was 67.6 cm (60.1 joules). The 50 percent heights of the aluminum, silicon, and iron were all greater than 123.0 cm (109.4 joules), which was the highest height available in the test apparatus. For all metal powders except titanium, the results of the mechanical impact tests indicated that it is safe to handle Ihe powders in the quantities and manners necessary to begin formulation and characterization of the monopropeilant. 35
The objective of the monopropellant formulation task is to determine the minimum amount of gellant required to stably suspend the metal particles in the liquid oxygen, while maintaining acceptable flow properties. Preliminary efforts have indicated that this can be accomplished with as little as two percent by weight of the gellant (amorphous fumed silica).
A secondary objective of the formulation and characterizafiun task was to detennine the burn rate of the monopropellant.
If the monoprop_llant bums faster than the injection velocity into the chamber, then burning could propagate into the feed lines and the propellant tank, causing catastrophic failure. The burn rate tests were conducted with the monopropellant submerged in a liquid nitrogen bath to prevent boil-off of the liquid oxygen before the start of the test. During the test, this nitrogen acted as a heat sink, absorbing the energy created by the combustion of the monopropellant. Because of this rapid heat Iransfer, the monopropellant combustion was unable to sustain itself after the solid propellant ignition charge was removed. Therefore, the ambient pressure burn rate of monopropellants at liquid nitrogen temperatures approaches zero, assuring that the flame will not propagate into feed lines Research into the ignition and burning of single metal particles in a hot oxygen environment has been started in an effort to reduce potential performance losses. From experience with metal fuels in solid rocket motors and from theoretical calculations, it is known that two keys to reducing performance losses are quick ignition of the metal particles and vapor phase or explosive combustion that minimizes the size of the solid products. To achieve these goals, various aluminum/magnesium alloys are being tested in a shock tube.
It is expected that magnesium in an alloy will ignite more quickly than aluminum; differences in boiling temperatures will help promote the vapor phase or explosive combustion. Results from these experiments can be used in future design of rocket engines that use metal/oxygen propellants. Although metals have not been used before as the sole fuel element, the. technology work being performed indicates that a met,£1/oxygen monopropellant or bipropellant may make a suitable propellant combination for indigenous use at the moon.
CONCLUSIONS
The case for in situ propellant production is a powerful one. 2 However, it is clear that advances must occur in the areas of production, power, and propulsion technology. Lunar resources are available to provide the necessary metals and oxygen. While our knowledge of the lunar surface and its geology, mineralogy, and chemistry is extensive, further exploration will be required to fully exploit lunar resources for manned exploration and colonization.
Production technology must be developed to take advantage of the lower gravity, sunlight, relative vacuum, and desolation of the moon. Lunar production processes must depend as little as possible on non-renewable earth-derived chemicals.
The power must be obtainable from solar or nuclear sources and be compatible with the intended use of the energy, thermal or electrical.
The power source itself could be derived from local resources, for example silicon solar cells on the moon. _
A joint Power
and Space Propulsion effort is underway at NASA Lewis Research Center to address issues related to both propellant production and use. The aim of this effort is to insure systems integration at the research end to minimize problems at the working systems end. It is noteworthy that an integrated approach to production and utilization of in situ resources is also underway for manned missions to Mars. _ By obtaining all of the propellants for near-lunar operation on the moon's surface, significant benefits for future manned lunar missions can be realized.
It is also expected that mission architectures will include plans for lunar-derived propellants to fuel further exploration to Mars. It is therefore important for a coherent approach by the exploration community for in situ resource utilization in terms of technology for lunar and Mars resource exploitation.
Such an effort is also underway at the University of Arizona's Space Engineering Research Center. 3s The Power and Space Propulsion Divisions at NASA Lewis Research Center will continue to contribute to basic technologies for manned exploration into the twenty-first century.
